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(54) Hydraulic valve actuation system 

(57) An engine valve actuation system (10) is pro- 
vided. The system (10) may include an actuation as- 
sembly (100) having a piston (110), a body (120), and 
first, second, and third chambers (131, 132, 133) de- 
fined between the piston (1 1 0) and the body (1 20). Low 
pressure and high pressure fluid sources (20, 30) may 
be included. A first fluid passage (41) may connect the 
low pressure fluid source (20) to the second chamber 
(1 32). A second fluid passage (42) may connect the high 
pressure fluid source (30) to the second chamber (1 32), 



and a third fluid passage (43) may connect the high 
pressure fluid source (30) to the third chamber (133). A 
control valve (50) may connect to the low pressure fluid 
source (20), to the high pressure fluid source (30), and 
to the first chamber (131), The control valve (50) may 
be configured to move between a first position at which 
the high pressure fluid source (30) is connected to the 
first chamber (131), and a second position at which the 
low pressure fluid source (20) is connected to the first 
chamber (131). 
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Description 

Technical Field 

[0001 ] The present invention is directed to an engine 
valve actuation system and more particularly to a dual 
pressure hydraulic engine valve actuation system. 

Background 

[0002] An internal combustion engine typically in- 
cludes a plurality of engine valves. These engine valves 
control the intake and exhaust of gases relative to the 
combustion chamber(s) of the engine. A typical engine 
will include at least one intake valve and at least one 
exhaust valve for each combustion chamber of the en- 
gine. The opening of each valve is timed to occur at a 
predetemiined cam or crank shaft angle in the operating 
cycle of the engine. For example, an intake valve may 
be opened when a piston is moving from a top-dead- 
center position to a bottom-dead-center position in Its 
cylinder to pass air into the combustion chamber. The 
exhaust valve may be opened during the movement of 
the piston toward top-dead-center to expel an exhaust 
gas from the combustion chamber. 
[0003] The actuation, or opening and closing, of the 
engine valves may be achieved in a number of ways. 
For example, the engine may drive a crankshaft that is 
rotatlveiy connected to a cam shaft. Each engine valve 
may be mechanically actuated by this cam shaft. In ad- 
dition, the rotation of the crankshaft also may control the 
reciprocal motion of the combustion chamber piston. 
Thus, the rotation of the crankshaft mechanically con- 
trols and coordinates the timing of actuation of each en- 
gine valve with the desired movements of the respective 
combustion chamber piston. 
[0004] Mechanically actuating the engine valves, 
however, provides no flexibility in the timing of valve ac- 
tuation. It has been found that engine operating charac- 
teristics, for example, efficiency, may be improved by 
varying the timing of the valve actuation based on the 
operating parameters of the vehicle. With mechanical 
actuation, the engine valves will be actuated at the same 
timing angle of crankshaft rotation regardless of the ve- 
hicle operating parameters. Thus, these types of inflex- 
ible systems may not be capable of optimizing engine 
performance. 

[0005] Another approach involves actuating the en- 
gine valves independently of the crankshaft rotation. 
This may be accomplished, for example, with a hydrau- 
lic system. As shown in U.S. Patent No. 6,263,842 to 
DeOjedaetal.. dated 24 July 2001 , a hydraulicalty-driv- 
en piston may be used to actuate an engine valve. In 
this approach, a hydraulic piston is connected to each 
engine valve and is actuated by the introduction of pres- 
surized fluid. The actuation of the engine valve may, 
therefore, be controlled Independently of the crankshaft 
rotation and may provide additional f lexibi lity in tiie valve 



timing. 

[0008] To obtain further improvements in engine effi- 
ciency, the engine valves may need to be actuated when 
the gas within the combustion chamber is under pres- 

5 sure. A hydraulically-actuated engine valve, as dis- 
cussed above, will need to exert a signiftoant force to 
open the engine valve under these conditions. This may 
require either a highly pressurized fluid or a valve actu- 
ation piston with a targe surface area. An additional 

10 pump may be required to provide the highly pressurized 
fluid. 

[0007] In addition, the hydraulically-actuated engine 
valve discussed above may not be able to accurately 
control the amount of engine valve movement during ac- 

15 tuation. In a situation where the engine valve is actuated 
when the combustion chamber piston is advancing with- 
in the combustion chamber, the amount of engine valve 
lift may need to be limited to prevent a collision between 
the combustion chamber piston and the engine valve. 

20 Such a collision may damage the engine valve and pre- 
vent the engine valve from properly sealing the gas pas- 
sageway. This damage may disrupt the operation of the 
engine. 

[0008] Furthennore, the hydraulically-actuated valve 
25 discussed above may not be able to control the speed 
of the engine valve during engine valve actuation. Seat- 
ing an engine valve at high velocity may result in high 
seating forces that damage the engine valve or the vah^e 
seat, thereby preventing the engine valve from properly 
30 sealing and reducing the efficient operation of the en- 
gine. 

[0009] In addition, if a high-force hydraulbally-actuat- 
ed engine valve requires a valve actuation piston with a 
large surface area, a substantial amount of highly pres- 

35 surized fluid could be required each time the engine 
valve is actuated. This could significantly decrease the 
amount of fluid available to other high pressure systems 
wittiin the vehicle. Moreover, it would be beneficial to 
recycle at least a part of this highly pressurized tiuid so 

^ tiiat some of the hydraulk: energy used to pressurize this 
fluid may be recuperated, thereby increasing engine ef- 
ficiency and reducing parasitic losses. 
[0010] The valve actuation system of the present In- 
vention solves one or more of tiie problems set forth 

^ above. 

Summary of the Invention 

[001 1 ] One aspect of the present invention is directed 
so to an engine valve actuation system. The system may 
include an actuation assembly having a body, a piston 
slidable relative to the body, and first, second, and third 
chambers defined between the piston and the body. The 
system may also include low pressure and high pres- 
55 sure fluid sources. A first fluid passage may connect the 
low pressure fluid source to the second chamber. A sec- 
ond fluid passage may connect the high pressure fluid 
source to the second chamber, and a third fluid passage 
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may connect the high pressure fluid source to the third 
chamber. A control valve may be connected to the low 
pressure fluid source, to the high pressure fluid source, 
and to the first chamber. The control valve may be con- 
figured to move between a first position at which the high 
pressure fluid source is connected to the first chamber, 
and a second position at which the low pressure fluid 
source is connected to the first chamber. 
[0012] In another aspect, a method to operate a hy- 
draulic valve actuation system is provided. The hydrau- 
lic valve actuation system may include a piston, a body, 
first, second, and third chambers defined between the 
piston and the body, a low pressure fluid source selec- 
tively connected to the first and second chambers, and 
a high pressure fluid source selectively connected to the 
first and second chambers and connected to the third 
chamber. The method may include providing the piston 
in a first position such that the volume of the second 
chamber is minimized. Fluid may be passed from the 
high pressure fluid source to the first chamber, and the 
piston may be moved in the first direction. Fluid from the 
third chamber may be passed to the high pressure fluid 
source in response to the pressure in the third chamber 
exceeding the pressure in the high pressure fluid 
source. The method may also include passing fluid from 
the low pressure fluid source into the second chamber 
in response to the pressure in the second chamber be- 
ing less than the pressure in the low pressure fluid 
source. 

[001 3] In a further aspect, a method to recover energy 
in an engine valve actuation system connected to a high 
pressure fluid source is provided. The engine valve ac- 
tuation system may include a body, a piston capable of 
moving relative to the body, and first and second vol- 
umes defined between the piston and the body. The 
method includes moving the piston relative to the body 
in a first direction in response to passing fluid from the 
high pressure fluid source to the first volume. The meth- 
od further includes passing fluid from the second volume 
to the high pressure fluid source in response to moving 
the piston relative to the body In the first direction. 
[0014] In another aspect, a method to control a clos- 
ing force of a valve in an engine valve actuation system 
connected to a high pressure fluid source is provided. 
The engine vah^e actuation system includes a body, a 
piston capable of moving relative to the body, and first 
and second volumes defined between the piston and the 
body. The method includes moving the piston relative to 
thebody in a valve-closing direction in response to pass- 
ing fluid from the high pressure fluid source into the first 
volume. The closing force of the valve may be de- 
creased in response to increasing the pressure in a sec- 
ond volume. The method further includes passing fluid 
from the second volume to the high pressure fluid 
source in response to the pressure in the second volume 
exceeding the pressure in the high pressure fluid 
source. 

[0015] It is to be understood that both the foregoing 



general background, the following detailed description, 
and the drawings are exemplary and explanatory only 
and are not restrictive of the invention. 

5 Brief Description of the Drawings 

[0016] 

Fig. 1 is a schematic illustration of an embodiment 
10 of a valve actuation system of the present invention , 
showing a diagrammatic cross-sectional view of a 
valve actuation assembly with an actuation piston 
at a first position; 

Fig. 2 is a schematic Illustration of the valve actua- 
15 Won system of Fig. 1 , showing the actuation piston 
at a second position; 

Fig. 3 is a schematic illustration of another embod- 
iment of a valve actuation system of the present in- 
vention, showing a diagrammatic cross-sectional 

20 view of a valve actuation assembly; 

Fig. 4 is a schematic Illustration of another embod- 
iment of a vaive actuation system of the present in- 
vention, showing a diagrammatic cross-sectional 
view of a valve actuation assembly; 

25 Fig. 5a is a schematic illustration of another embod- 
iment of a valve actuation system of the present in- 
vention, showing a diagrammatic cross-sectional 
view of a valve actuation assembly with an actua- 
tion piston at a first position; 

30 Fig. 5b is a schematic illustration of the valve actu- 
ation system of Fig. 5a, showing the actuation pis- 
ton at a second position; and 
Fig. 5c is a schematic illustration of the valve actu- 
ation system of Fig. 5a, showing the actuation pis- 

35 ton at a third position. 

Detailed Description 

[0017] Refemng to the drawings, a valve actuation 
40 system 1 0 includes a hydraulic valve actuation assem- 
bly 1 00 connected to a low pressure fluid source 20 and 
to a high pressure fluid source 30. Low pressure and 
high pressure, as used in this disclosure, are relative 
temns and are not meant to imply any absolute pressure 
ranges. Thus, low pressure fluid source 20 is at a tower 
pressure than high pressure fluid source 30. Both low 
pressure fluid source 20 and high pressure fluid source 
30 may be part of engine fluid systems as known to per- 
sons of ordinary skill in the art. For instance, low pres- 
to sure fluid source 20 may be a fluid source associated 
with an engine lubrication system and/or cooling sys- 
tem, operating, for instance, from 60 to 90 pounds per 
square inch (psi), and high pressure fluid source 30 may 
be a fluid source associated with a hydraulic lift system, 
55 an engine valve actuation system, or a fuel injector ac- 
tuation system, operating, for instance, from 2000 to 
4000 pounds per square inch (psi). 
[0018] Hydraulic valve actuation assembly 100 has 
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an actuation piston 1 1 0 and a housing or body 1 20. Body 
120 has a bore 121 , a bore 122, and a bore 123, Bores 
1 21 , 1 22, 1 23 are generally concentric and have cross- 
sections of differing diameters. For example, as shown 
in Fig. 1, the diameter of bore 121 is greater than the 
diameter of bore 122 and of bore 123. Body 120 may 
be made from multiple parts in order to ease the manu- 
facturing and assembling of valve actuation assembly 
100. 

[0019] Actuation piston 110 is slidably disposed in 
bores 121, 122, 123 and moves iongitudinaliy bade and 
forth within body 120. In a first direction as Indicated by 
arrow A in Fig. 1 , actuation piston 1 1 0 moves from a first 
position as shown in Fig. 1 to a second position as 
shown in Fig. 2. In a second direction as indicated by 
arrow B in Fig. 2, actuation piston 110 moves from the 
second position back to the first position. 
[0020] As shown in Figs. 1 and 2, actuation piston 1 1 0 
includes a primary piston portion 11 1 , a secondary pis- 
ton portion 1 1 2, and a tertiary piston portion 1 1 3. Prima- 
ry piston portion 111 slides within bore 121 and has a 
cross-section which complements the cross-section of 
bore 121. Similarly, secondary piston portion 112 slides 
within bore 122 and has a cross-section which comple- 
ments the cross-section of bore 122, and tertiary piston 
portion 113 slides within bore 123 and has a cross-sec- 
tion which complements the cross-section of bore 123. 
Primary, secondary, and tertiary piston portions 111, 
112,113 may be formed as a single unit or these portions 
may be formed as separate units that are subsequently 
joined together. 

[0021] Actuation piston 110 and body 120 may be 
formed of any suitable materiai or materials. Sealing 
methods that allow relative motion between actuation 
piston 110 and body 120 (not shown) may be located 
between the various portions of piston 110 and body 
120. 

[0022] Chambers 131 , 132, 133, and 134, each de- 
fining a volume, are defined between actuation piston 
110 and body 120. In the embodiment of Rgs. 1 and 2, 
chamber 131 and chamber 133 are within bore 121. 
Chamber 132 is within bore 1 22. Chamber 134 Is within 
bore 123. 

[0023] The volumes of chambers 1 31 , 1 32, 1 33, and 
1 34 vary depending upon the longitudinal position of ac- 
tuation piston 1 1 0 relative to body 1 20. Referring to Figs. 
1 and 2, it can be seen that the volumes of chamber 1 31 
and of chamber 132 Increase when actuation piston 110 
moves in the first direction (arrow A) and decrease when 
actuation piston 110 moves In the second direction (ar- 
row B) back to the first position of actuation piston 110. 
The volumes of chamber 133 and chamber 134 de- 
crease when actuation piston 110 moves relative to 
body 120 in the first direction (arrow A) and increase 
when actuation piston 110 moves in the second direc- 
tion (arrow B). 

[0024] Primary piston portion 111 has a surface area 
141 associated with chamber 131. Secondary piston 



portion 112 has a surface area 142 associated with 
chamber 132. Additionally, primary piston portion 111 
has a surface area 143 associated with chamber 133. 
Tertiary piston portion 1 1 3 has a surface area 1 44 asso- 
5 dated with chamber 134. In the embodiment of Figs. 1 
and 2, surface area 141 is greater than surface area 
143. Surface area 143 is greater than surface area 142. 
[0025] Low pressure fluid source 20 is connected to 
chamber 132 via a fluid passage 41 . A check valve 47 
is disposed within fluid passage 41 . Check valve 47 is 
configured to allow the flow of fluid from low pressure 
fluid source 20 to chamber 1 32 when the pressure within 
source 20 is greater than the pressure within chamber 
132, but to prohibit or block the flow of fluid from cham- 
ber 1 32 to low pressure fluid source 20. Check valve 47 
may be biased in a closed position by spring element 
47a. 

[0026] As best shown in Fig. 2, high pressure fluid 
source 30 is connected to chamber 132 via a fluid pas- 
sage 42. A check valve 48 is disposed within fluid pas- 
sage 42. Check valve 48 allows the flow of fluid from 
chamber 132 to high pressure fluid source 30, and 
blocks the reverse flow of fluid from high pressure fluid 
source 30 to chamber 1 32. Check valve 48 may be bi- 
ased in a closed position by spring element 48a. 
[0027] High pressure fluid source 30 is connected to 
chamber 133 via a fluid passage 43. 
[0028] A control valve 50 selectively connects low 
pressure fluid source 20 or high pressure fluid source 
30 to chamber 1 31 . Low pressure fluid source 20 is con- 
nected to control valve 50 via a fluid passage 44. High 
pressure fluid source 30 is connected to control valve 
50 via a fluid passage 45. Control valve 50 is connected 
to chamber 131 via a fluid passage 46. 
[0029] Chamber 1 34 may be vented, to atmosphere 
or to a lower pressure source, for Instance, so that pres- 
sure does not build up within it during movement of ac- 
tuation piston 110 relative to body 120. Venting may be 
accomplished, for example, by pennltting leakage to oc- 
cur between a valve stem 115 and body 120. Alterna- 
tively, a separate venting passage, discussed below, 
may be used to vent chamber 134. 
[0030] As shown in Fig. 1 , in a first position, control 
valve 50 provides a control valve fluid passage 52 con- 
nected to fluid passage 44 and connected to fluid pas- 
sage 46. Control valve fluid passage 52 allows fluid to 
flow between low pressure fluid source 20 and chamber 
131. In this first position, control valve 50 prohibits or 
blocks the flow of fluid between high pressure fluid 
source 30 and chamber 131 . 
[0031 ] As shown in Fig. 2, in a second position , control 
valve 50 provides a control vah^e fluid passage 51 con- 
nected to fluid passage 45 and connected to fluid pas- 
sage 46. Control valve fluid passage 51 allows fluid to 
flow between high pressure fluid source 30 and cham- 
ber 131. in this second position, control valve 50 also 
prohibits or blocks the flow of fluid between low pressure 
fluid source 20 and chamber 131 . 
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[0032] Control valve 50 may include a spool valve 55 
actuated by a pilot valve 56. Pilot valve 56 may be ac- 
tuated by a solenoid (not shown) or any other suitable 
electncal actuator, such as, for example, a piezoelectric 
actuator. Alternatively, spool valve 55 may be actuated 
directly by any of the suitable electrical devices, such as 
those mentioned. An electronic control module (ECM) 
57 may be used to control the actuation of the pilot valve 
56 or alternatively may directly control the actuation of 
control valve 50. Control valve 50 may be biased by a 
spring element 50a to either the first or second position. 
As shown in Figs. 1 and 2, control valve 50 is biased to 
the first position. 

[0033] As schematically shown in Fig. 1, a port 49 
connects fluid passage 42 to chamber 132. When actu- 
ation piston 110 is in the first position and the volume of 
chamber 132 is at a minimum volume, actuation piston 
110 blocks port 49 and fluid is prohibited from flowing 
within passage 42. IVtoreover, depending upon the 
placement of port 49 within bore 122 and the travel of 
actuation piston 110 within bore 122, port 49 may be 
blocked by actuation piston 110 prior to piston 110 
reaching its first position. In other words, port 49 may 
be blocked by actuation piston 110 as piston 110 ap- 
proaches its first position. Because actuation piston 1 1 0 
is slidably movable within bore 1 22, actuation piston 1 1 0 
may not completely seal port 49 and some fluid leakage 
may occur between actuation piston 110 and port 49. 
Thus, actuation piston 110 may substantially, but not 
completely, block port 49. 

[0034] Referring to Figs. 1 and 2, actuation piston 1 1 0 
may be connected to valve stem 115 which is attached 
to a valve element 116. Valve element 116 may be, for 
instance, the intake or exhaust valve element for the 
combustion chamber 150 of an intemal combustion en- 
gine. Combustion chamber 150 is partially defined by 
combustion piston 155. Valve element 11 6 is configured 
to open and close combustion chamber 1 50 by engag- 
ing with and disengaging from a valve seat 118. in an 
alternative configuration as shown in Fig. 3, valve stem 

1 1 5 may be attached to a valve bridge 1 1 9 for actuating 
a plurality of valve elements (not shown). Valve element 

1 1 6 may be any device known to persons of ordinary 
skill in the art to selectively block an intake or exhaust 
passageway in an engine. 

[0035] A spring element 117 may be used to bias 
valve element 116 against valve seat 118, thus closing 
the intake or exhaust passage of combustion chamber 
1 50. Spring element 1 1 7 may be located between valve 
element 1 1 6 and valve seat 11 8 as shown, for instance, 
in Fig. 1 . Spring element 1 1 7 may be altematively locat- 
ed, for instance, between actuation piston 1 1 0 and body 
120 (not shown), thereby remotely biasing valve ele- 
ment 116 against valve seat 118. 
[0036] In an altemative exemplary embodiment, as 
shown in Fig. 3, the relative location of chamber 1 31 and 
chamber 132 within body 120 may be transposed. In 
other words, chamber 132 may be associated with sur- 



face area 141 of primary piston portion 111 , and cham- 
ber 1 31 may be associated with surface area 1 42 of sec- 
ondary piston portion 112. Chamber 133 is still associ- 
ated with surface area 1 43 of primary piston portion 111. 
5 As with the first exemplary embodiment, the surface ar- 
ea associated with chamber 1 31 is greater than the sur- 
face area associated with chamber 1 33, and the surface 
area associated with chamber 133 is greater than the 
surface area associated with chamber 132. In the em- 
bodiment of Fig. 3, surface are 142 is now associated 
with chamber 131, surface area 141 is now associated 
with chamber 132, and surface area 143 is still associ- 
ated with chamber 133. Thus, for this embodiment, sur- 
face area 142 is greater than surface area 143, which 
is greater than surface area 141 . 
[0037] In another alternative exemplary embodiment, 
as shown in Fig. 4, high pressure fluid source 30 is con- 
nected to chamber 134 via fluid passage 43. Chamber 
133 Is vented via venting passage 126 to prevent pres- 
sure from building up within it during movement of ac- 
tuation piston 110 relative to body 120. In this embodi- 
ment, surface area 1 41 is greater than surface area 144 
and surface area 144 is greater than surface area 142. 
[0038] In a further exemplary embodiment as shown 
in Figs. 5a, 5b, and 5c, primary piston portion 111 may 
have a first member 111a and a second member 111b. 
Second member 1 11 b is linearly movable relative to first 
member 111a. Second member 111b slides within bore 
121; first member 111a slides within second member 
111b. Secondary piston portion 112 slides within bore 
122. Tertiary piston portion 113 slides with bore 123. 
[0039] First and second members 111a and 1 1 1 b are 
configured to allow for joint movement of both first and 
second members 111a and 111b relative to bore 1 21 and 
for individual movement of second member 111b rela- 
tive to first member 111a. First member 111a includes a 
shoulder 1 1 4 that is configured to engage second mem- 
ber 1 1 1 b. Body 1 20 includes a stop 1 25 that is also con- 
figured to engage second member 111b. 
[0040] Rrst member 111a has a surface area 1 41 a as- 
sociated with chamber 131. Second member 111b has 
a surface area 141 b also associated with chamber 131 . 
Secondary piston portion 112 has a surface area 142 
associated with chamber 132. Second member 1 1 1 b of 
primary piston portion 1 11 has a surface area 1 43 asso- 
ciated with chamber 133. Tertiary piston portion 113 has 
a surface area 144 associated with chamber 134. Sur- 
face area 144 is greater than surface area 142 and is 
less than surface area 141 a. 
p)041 ] As shown in Figs. 5a-5c, chamber 1 33 is vent- 
ed, for instance, to atmosphere through venting pas- 
sage 126, so that pressure does not build up within it 
during movement of actuation piston 110 relative to 
body 120. Also as shown in Figs. 5a-5c, one or more 
valve stem seals 127 may be located between valve 
stem 115 and body 120 in order to prevent fluid from 
leaking past valve stem 115 from chamber 134. Other 
seals (not shown) may be used, as appropriate and as 



15 



20 



25 



30 



35 



40 



45 



SO 



5 



9 



EP1403 473A1 



10 



known by persons of ordinary skill in the art, to prevent 
unwanted leakage between chambers or anywhere else 

in the system. 

Industrial Applicability 

[0042] As will be apparent from the foregoing descrip- 
tion, the present invention provides a hydraulic valve ac- 
tuation system 1 0. Valve actuation system 10 may pro- 
vide a variable force to lift and/or tower valve element 
1 1 6 based on the flow of pressurized fluids. In addition, 
valve actuation system 1 0 may provide for controlled ve- 
locity of valve element 11 6. 

[0043] Valve actuation system 1 0 may be implement- 
ed into any type of internal combustion engine, such as, 
for example, a diesel engine, a gasoline engine, or a 
natural gas engine. Moreover, valve actuation system 
10 may be used to actuate an individual valve element 
1 1 6 or a plurality of valve elements 116 via actuation of 
a valve bridge 119. 

[0044] Hydraulic valve actuation system 10 of Fig. 1 
may be adapted for controlling the intake or exhaust of 
gases to and from a combustion chamber 150 of an en- 
gine. One exemplary use of the invention could be in a 
vehicle tiiat is provided with a diesel engine coupled to 
a low pressure oil system for lubricating and cooling the 
engine and to a high pressure oil system for actuating 
hydraulically actuated fuel injectors. Thus, low pressure 
fluid source 20 may be low pressure oil source 20 and 
high pressure fluid source 30 may be high pressure oil 
source 30. 

[0045] For instance, hydraulic valve actuation system 
10 may include valve stem 115 attached to vah/e ele- 
ment 116. Valve element 116 has a profile which com- 
plemente the profile of valve seat 118 of combustion 
chamber 150. Timed actuation of system 10 provides 
relative movements between valve element 116 and 
valve seat 1 1 8 and the ability to Intake gases Into or ex- 
haust gases from the combustion chamber 1 50 at select 
times during the combustion cycle. 
[0046] As best shown in Fig. 1 , prior to the beginning 
of the intake or exhaust stroke of the combustion pistons 
155 of the internal combustion engine, actuation piston 
1 1 0 may be provided in a first position such that the vol- 
ume of chamber 132 Is minimized and vah^e element 
1 1 6 Is seated within valve seat 1 1 sealing combustion 
chamber 150. 

[0047] Prior to the beginning of the stroke, control 
valve is in a first position, as shown in Fig. 1, wherein 
control valve 50 allows the flow of fluid between low 
pressure oil source 20 and chamber 131, via control 
valve fluid passage 52, and blocks the flow of fluid from 
between high pressure oil source 30 and chamber 131 . 
Thus, the pressure in chamber 131 is at the same pres- 
sure as the pressure in the low pressure oil system. High 
pressure oil source 30 is connected to chamber 133, 
and thus, the pressure in chamber 133 is at the same 
pressure as the pressure in the high pressure oil system. 



The pressure in chamber 132 may have bled down to 

the same pressure in chamber 1 31 , and thus, the pres- 
sure in chamber 132 may be at the same pressure as 
the pressure in low pressure oil source 20. 

5 [0048] At the beginning of the stroke, electric current 
is provided to a solenoid (not shown) whteh acth/ates 
pilot valve 56. Activation of pilot valve 56 in turn causes 
control valve 50 to move from Its first position to its sec- 
ond position (as shown in Fig. 2). High pressure oil from 

10 source 30 flows into chamber 1 31 via control valve pas- 
sage 51 . When the high pressure oil is introduced into 
chamber 131 , the pressurized oil exerts a force on sur- 
face area 1 41 of piston portion 111. Surface area 1 41 of 
piston portion 111, which is associated with chamber 

'5 131, Is greater than surface area 143 of piston portion 
111, which is associated with chamber 133. Thus, the 
high pressure oil entering chamber 131 pushes actua- 
tion piston 110 in a first direction (an'ow A) against the 
back pressure of the oil in chamber 133. If spring ele- 

20 ment 1 1 7 is present, the force exerted by the oil in cham- 
ber 131 , in addition to overcoming the back pressure of 
chamber 133, also overcomes the opposing force of 
spring element 117 to move or "liff' valve element 116 
away from valve seat 118. Combustion gases may then 

25 enter or exit combustion chamber 150. Furthemriore, if 
there is any back pressure in combustion chamber 150 
itself, the force initially exerted by the oil in chamber 1 31 
must also overcome the force due to the combustion 
chamber 150 back pressure acting on valve element 

30 116. 

[0049] The force exerted by the pressurized oil on ac- 
tuation piston 110 and valve element 116 is dependent, 
at least in part, upon surface areas 1 41 and 1 43 and the 
pressure of the pressurized oil. The generated force 

35 may be increased by increasing the area of surface area 
141 or decreasing the area of surface area 143. 
[0050] As actuation piston 1 1 0 moves in first direction 
(an'ow A) the volumes of chambers 131 and 132 in- 
crease and the volumes of chambers 133 and 134 de- 

40 crease. As the volume of chamber 133 decreases, the 
pressure in this chamber 1 33 starts to exceed the pres- 
sure within high pressure oil source 30. As a result, oil 
is passed from chamber 133 to high pressure oil source 
30 via fluid passage 43. As the volume of chamber 134 

45 decreases, any oil or air within the chamber is vented, 
either via leakage between valve stem 115 and body 
120 or via a venting passage (not shown), in order to 
prevent the build-up of pressure within chamber 134. 
[0051] In addition, as the volume of chamber 132 in- 

50 creases, the pressure within this chamber 1 32 decreas- 
es and falls below the pressure in low pressure oil 
source 20. Check valve 47 opens and oil is passed from 
low pressure oil source 20 into chamber 132 via fluid 
passage 41 . 

55 [0052] When actuation piston 1 1 0 reaches its second 
position, as shown in Fig. 2, and valve element 116 
reaches Its full lift position, control valve fluid passage 
51 is closed and the flow of oil from high pressure oil 
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source 30 into chamber 1 31 is stopped. For exampie, if 
control valve 50 Includes pilot valve 56 for actuating 
spool valve 55, then as actuation piston 1 1 0 approaches 
its second position, which corresponds to the full lift po- 
sition of valve element 116, pilot valve 56 is deactivated 
and spool valve 55 slowly returns to its default position. 
In its default configuration, control valve fluid passage 
51 is closed and control valve fluid passage 52 is open. 
Thus, the supply of oil from high pressure oil source 30 
to chamber 131 is cut off and chamber 131 becomes 
flow-connected to low pressure oil source 20. 
[0053] The resulting loss of pressure in chamber 1 31 
allows the pressure of chamber 133 to push actuation 
piston 1 1 0 from its second position back to its first posi- 
tion, i.e., in the second direction (arrow B). At the same 
time, oil flows from chamber 131 into low pressure oil 
source 20, the volumes of chambers 131 and 132 de- 
crease, and the volumes of chambers 133 and 134 In- 
crease. 

[0054] As actuation piston 110 moves in the second 
direction (an-ow B), valve element 116 moves toward 
valve seat 118. The oil within chamber 132, which had 
been at the pressure of tow pressure oil source 20, In- 
creases, and this increase in pressure within chamber 
1 32 causes checl< valve 47 to close. As actuation piston 
1 1 0 continues to move in the second direction, the pres- 
sure within chamber 132 continues to increase, eventu- 
ally starting to exceed the pressure within high pressure 
oil source 30. At this time, checic valve 48 opens and oil 
flows from chamber 132 to high pressure oil source 30 
via fluid passage 42. In this manner, the high pressure 
oil system recuperates part of its hydraulic energy. 
[0055] In addition, as actuation piston 110 continues 
to approach its first position and valve element 1 1 6 con- 
tinues to approach valve seat 118, the opening or port 
49 of fluid passage 42 into chamber 132 becomes cov- 
ered and bioclced, or substantially bloclced, by second- 
ary piston portion 112. Flow from chamber 132 to high 
pressure oil source 30 ceases. However, because the 
volume of chamber 1 32 is still decreasing, the pressure 
In chamber 132 continues to increase, eventually ex- 
ceeding the pressure in high pressure oil source 30. This 
pressurized oil in chamber 132 limits the force with 
which actuation piston 110 approaches its first position, 
thus limiting the force with which vah^e element 116 is 
seated against valve seat 118. 
[0056] At the end of the intake or exhaust actuation 
cycle, with actuation piston 110 approaching its first po- 
sition, the pressurized oil within chamber 132 may 
bleed-down to the low pressure oil within chamber 131 , 
which is still flow-connected to low pressure oil source 
20. This bleed-down may occur via flow between sec- 
ondary piston portion 112 and bore 122. The flow be- 
tween secondary piston portion 112 and bore 122 may 
be due, for example, to lealcage, to a piston-bore annular 
clearance, or to a groove machined into either piston 
portion 1 1 2 or bore 1 22. This leakage or bleed-down be- 
tween the secondary piston portion 112 and bore 122 



reduces the pressure in chamber 132 and allows con- 
trolled return of actuation piston 110 to its first position 
in response to the pressure within chamber 133. Hy- 
draulic valve actuation system 1 0 is now positioned to 

5 begin another Intake or exhaust actuation cycle. 
[0057] In the alternative embodiment shown in Figs. 
5a, 5b, and 5c, actuation piston 110 includes first mem- 
ber 111a and second member 111b. Second member 
1 1 1 b is selectively linearly movable relative to first mem- 

10 ber 1 1 1 a. For instance, when control valve 60 is first ac- 
tuated at the beginning of an intake or exhaust actuation 
cycle and high pressure oil enters chamber 131, both 
surface area 141a and surface area 141b are exposed 
to high pressure oil. This pressure causes first and sec- 

'5 ond members 1 1 1 a, 1 1 1 b to move together at a first force 
in the first direction, as shown in Fig. 5a. In addition, the 
engagement of second member 111b with shoulder 1 1 4 
of first member 111a causes first and second members 
111a, 111b to move together when movement in the first 

20 direction is first initiated. Thus, the contribution of the 
high pressure oil in chamber 1 31 acting on both first and 
second members 111a, 111b may be used to unseat 
valve element 116 from valve seat 118. This provides a 
maximum force for unseating valve element 116, which 

25 rnay be desired, for example, when a significant com- 
bustion chamber 150 back pressure exists. 
[0058] First and second members 111a, 111b move 
together in the first direction (an'ow A) until second 
member 111b engages stop 125, as best shown in Fig. 

30 5b. Stop 125 prevents further movement of second 
member 111b. The pressurized oil within chamber 131 
continues to exert a force on first member 111a, and so , 
first member 111a continues to move In the first direc- 
tion, as best shown in Fig. 5c. However, the force acting 

35 to move actuation piston 1 1 0 in the first direction is now 
decreased, as the force which acts upon second mem- 
ber 1 1 1 b no longer acts to move actuation piston 1 1 0 in 
the first direction. Thus, although first member 111a, ac- 
tuation piston 110 and valve element 116 continue to 

40 move in the first direction until reaching the second po- 
sition, as best shown in Fig. 5c, they do so with a re- 
duced force. When movement of piston 1 1 0 is reversed 
{an-ow B), first member 111a moves relative to second 
member 111b until shoulder 114 of first member 111a 

45 engages second member 111b, at which time second 
member 111b moves jointly with first member 111a. 
[0059] The configuration shown in Figs. 5a-5c would 
typically require less high pressure oil to fully open valve 
element 116 relative to valve seat 118 as compared to 

so the configuration shown in Figs. 1 and 2, all other things 
being equal. Thus, the amount of high pressure oil 
pulled from high pressure oil source may be minimized 
and the overall efficiency of the high pressure oil system 
may be Improved. 

55 
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wherein the piston (110) includes a first surface ar- 
ea (141) associated with the first chamber (131), a 
second surface area (142) associated with the sec- 
ond chamber (132), and a thinJ surface area (143) 
5 associated with the third chamber (133), and 
wherein the first surface area (141) includes first 
and second member surface areas (141 a, 141 b) as- 
sociated with the first and second members (111a, 
111b), respectively. 

10 

5. The system of claim 4, wherein the first member 
(111a) and the second member (1 1 1 b) move togeth- 
er in response to the piston (110) moving in the first 
direction (A) until the second member (111b) engag- 

15 es a stop (125). 

6. The system of claim 1 , wherein the control valve 
(50) includes a spool valve (55) actuated by a pilot 
valve (56). 

20 

7. The system of claim 1 , wherein the piston (1 1 0) is 
in a first position when the second chamber (132) 
is at a minimum volume, and wherein the second 
fluid passage (42) is substantially blocked in re- 

25 sponseto the piston (110) being in the first position. 



Claims 

1. An engine valve actuation system (10), comprising: 

an actuation assembly (100) having a body 
(120), a piston (110) slidable relative to the 
body (120), and first, second, and third cham- 
bers (131, 132, 133) defined between the pis- 
ton (110) and the body (120); 
a low pressure fluid source (20); 
a first fluid passage (41) connecting the low 
pressure fluid source (20) to the second cham- 
ber (132); 

a high pressure fluid source (30); 
a second fluid passage (42) connecting the 
high pressure fluid source (30) to the second 
chamber (132); 

a third fluid passage (43) connecting the high 
pressure fluid source (30) to the third chamber 
(133); and 

a control valve (50) connected to the low pres- 
sure fluid source (20), to the high pressure fluid 
source (30), and to the first chamber (1 31 ), the 
control valve (50) configured to move between 
a first position at which the high pressure fluid 
source (30) is connected to the first chamber 
(131) and a second position at which the low 
pressure fluid source (20) is connected to the 
first chamber (131). 

2. The system of claim 1 , further comprising first and 
second checl< valves (47, 48) disposed within the 
first and second fluid passages (41 , 42), respective- 
ly, the first check valve (47) configured to block the 
flow of fluid from the second chamber (132) to the 
low pressu re fluid source (20) and the second check 
valve (48) configured to block the flow of fluid from 
the high pressure fluid source (30) to the second 
chamber (132). 

3. The system of claim 1 , wherein the first and second 
chambers (131, 132) have volumes that increase 
and the third chamber (133) has a volume that de- 
creases in response to the piston moving relative to 
the body In a first direction, and the piston (110) in- 
cludes a first surface area (1 41 ) associated with the 
first chamber (1 31 ), a second surface area (1 42) as- 
sociated with the second chamber (132), and a third 
surface area (143) associated with the third cham- 
ber (133), and wherein the first surface area (141) 
is greater than the third surface area (143), and the 
third surface area (143) is greater than the second 
surface area (142). 

4. The system of claim 1 , wherein the piston (110) in- 
cludes'a first member (1 1 1 a) and a second member 
(111b), the second member (111b) being linearly 
movable relative to the first member (111a), and 



8. A method to operate a hydraulic valve actuation 
system (10), the hydraulic valve actuation system 
(10) having a piston (110), a body (120), first, sec- 

30 ond, and third chambers (131, 132, 133) defined be- 
tween the piston (110) and the body (120), a low 
pressure fluid source (20) selectively connected to 
the first and second chambers (131, 132), and a 
high pressure fluid source (30) selectively connect- 

35 ed to the first and second chambers ( 1 31 , 1 32) and 
connected to the third chamber (133), the method 
comprising: 



providing the piston (1 1 0) in a first position such 
40 that the volume of the second chamber (1 32) Is 

minimized; 

passing a flow of fluid from the high pressure 
fluid source (30) to the first chamber (131); 
moving the piston (1 1 0) in the first direction (A); 

45 passing fluid from the third chamber (133) to 

the high pressure fluid source (30) in response 
to the pressure in the third chamber (133) ex- 
ceeding the pressure in the high pressure fluid 
source (30); and 

50 passing fluid from the low pressure fluid source 

(20) into the second chamber (1 32) in response 
to the pressure In the second chamber (132) 
being less than the pressure in the low pressure 
fluid source (20). 

55 

9. The method of claim 8, further comprising: 

stopping the flow of fluid from the high pressure 
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fluid source (30) into tlie first chamber (131); 
passing fluid from the first chamber (131) Into 
the iow pressure fluid source (20); 
moving the piston (110) in a second direction 
(B) opposite the first direction (A); and s 
passing fluid from the second chamber (1 32) to 
the high pressure fluid source (30) in response 
to the pressure in the second chamber (132) 
exceeding the pressure in the high pressure flu- 
Id source (30). io 

10. The method of claim 8, wherein the piston (110) In- 
cludes a first member ( 1 11 a) and a second member 
(111b), the second member (111b) being linearly 
movable relative to the first member (111a), and fur- is 
ther including: 

passing fluid from the high pressure fluid 
source (30) to the first chamber (1 31 ); 
moving the first and second members (111a, 20 
111b) together with a first force in the first direc- 
tion (A) until the second member (111b) engag- 
es a stop (125); and 

moving the first member (111a) relative to the 
second member (111b) in the first direction (A) 25 
with a second force, which is less than the first 
force. 



30 
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